Abstract: In order to solve the problem in monitoring high temperature strain coming from harsh working environment and extremely small deformation of components, a flexure-hinged displacement amplifier is proposed to be integrated in a sensing device in order to design a more sensitive sensor to accurately online monitor small deformation of high temperature components. The structure and the work principle of the sensing device are introduced. A prototype of the sensing device is fabricated. Then the tests to verify the reliability and amplification ability are carried out at laboratory. Results demonstrate that the designed sensing device has satisfactory working performance.
Introduction
High temperature components are widely applied in aviation, power generation, petroleum and chemical industries. To obtain the relationship between deformation and residual life of components in many cases, the strain measurement has been the most straightforward and reliable method for life monitoring [1] [2] [3] .
Main challenges in monitoring high temperature strain come from harsh working environment and extremely small deformation of components. Commercial high temperature strain gages can hardly work under a temperature over 500˚C for long time monitoring [4] . Although many kinds of direct sensors have been developed, their applications are limited to the temperature below 500˚C and short operation periods [5] [6] [7] [8] . As a better alternative solution, extension-based sensing devices are designed and verified [9, 10] . Test results show that the designed devices can work at elevated temperature. However, the accuracy and resolution of the device are not sufficient enough for measuring very small creep strain of in-service high temperature components, which is normally less than 0.8×10-5％/h [10] . Therefore, in this paper, a flexure-hinged mechanical amplifier, the characteristics of which have been studied in [11] , is proposed to be integrated with a sensing device. The structure and working principle of the sensing device is depicted in Section 2. High temperature experimental verification is depicted in Section 3. Conclusions are given in Section 4.
Structure and Working Principle of the New Sensing device
A schematic map of the sensing device mounted on a specimen is shown in Fig. 1 . The sensing device is exclusively self-supporting, which can easily measure the deformation of any part of a component. It is composed of two transmission arms, two connecting pieces, a displacement amplifier and a sensor, as shown in Fig. 1 .
The transmission arms are mounted on the surface of the specimen by welding or banding. The included angle between connecting piece and transmission arm can be adjusted in the scope of [0, 90°] for different measurements. Owing to the possibility of angular adjustment of connecting pieces, the sensing device is applicable not only to the test pieces with flat surfaces, but also to curve surface specimens such as pipes. The displacement amplifier is assembled between two connecting pieces. Because all parts of the transmission mechanism are connected rigidly, the distance between the point C and D will change synchronously when the test specimen is loaded in AB direction. The distance change between C and D will give rise to a vertical output displacement 6th International Conference on Advanced Design and Manufacturing Engineering (ICADME 2016) of the amplifier owing to the special work performance [11] . And the output value can be measured by the sensor in time. Fig. 1 Structure of the new sensing device The sensor applied in this sensing device can be an eddy-current transducer, named AEC-PU20. Because the eddy current sensor for static strain measurement requires a target, whose size is twice as large as the sensor diameter, a 2 mm thick cylinder that has a diameter of 40 mm is mounted on the sensing device.
The space between the displacement amplifier and the specimen needs a minor removal of the thermal insulation materials that is used to decrease the heat loss of the high temperature specimen. On this condition, the connecting pieces, the displacement amplifier and the sensor are working outside the insulation layer.
High Temperature Experimental Verification
To verify the performance of the designed sensing device, a prototype is produced. And an experiment system is set up, shown in Fig. 2 , which is nearly the same with the test system in References [9] . The device in the red dashed line box is the designed sensing device, which is mounted to the specimen by fixing blocks. The specimen is installed in an insulation box. The heater inside the insulation box can heat the specimen to 540 .
The sensing device is installed on both ends of a round bar test piece by fixing blocks. When pulling machine loading, the specimen is stretched. The change of distance between fixing blocks is the input displacement of the sensing device. In order to appraise the measurement accuracy of the sensing device, a calibration sensor (ZKL-X-15) is used, and a metal rod is added to suit the range of the sensing device. The calibration sensor and the metal rod are located on one side of the specimen. When the specimen is loaded, the calibration sensor and the metal rod will follow the change of the position blocks rigidly. Therefore, the measured value of the calibration sensor can serves as the real change value of the test piece. The sensor applied in this sensing device is an eddy-current transducer, named AEC-PU20. The performance of the sensors applied in the experiment is shown in table 1. Fig. 3 Experimental results of the sensing device. During the test, the specimen is loaded freely by a tensile machine. In this test, a displacement about 100μm was added for each step until the displacement load reaches 1000μm. When the data on the computer keeps stable, the results on the sensing device and calibration sensor were recorded. To get reliable measurement results, the whole test procedure was carried out three times. Results for all these tests are drawn and compared in Fig. 3 . From Fig. 3 , it can be seen that three sets of experimental results match well and the results show that the sensing device has a linear displacement output and a constant amplification ratio, which is 3.75. The amplification ratio calculated basing on the test is approximately equal to the theoretical result.
Conclusions
In this paper, a sensing device integrating the mechanical displacement amplifier for high temperature strain monitoring is designed. Structure and working principle of the new sensing device is introduced, and its applicability is verified through tests. The output displacement of the sensing device is linear and repeatable. And deformation of the test piece can be accurately and robustly magnified 3.75 times by the amplifier-based sensing device. The experimental results verify that the sensing device can work stably and linearly. Therefore, the designed amplifier-based sensing device is reliable.
